Methods: the study cohort comprised of 184 consecutive patients. postoperative complications were recorded. the additional costs attributable to Swi were calculated.
INTRODUCTION
One of the most common complications after surgery is surgical wound infection (SWI). After vascular surgery, wound infection may cause the exposure of the underlying graft, and it may even necessitate the removal of the vascular graft. It has been shown that SWI after vascular surgery increases the risk of major amputation as well as mortality (1-3).
There is an extensive variation in the reported incidence of SWI after vascular surgery. In prospective trials, the incidence of SWI has ranged between 4% and 25%, being highest when related to the distal incisions used for femoropopliteal and femorodistal bypasses (4-6). In the retrospective studies, the incidence of SWI has varied from 4% up to 43% (2, 3, 7-13). Prospective studies have revealed that independent predictors for SWI after vascular surgery are higher age, obesity, infrainguinal surgery, diabetes and redo vascular surgery (4-5). We conducted a prospective multicenter observational study which purpose was to determine the incidence of surgical wound infections after infrarenal aortic and lower limb vascular surgery, to evaluate the independent predictors of surgical wound infections, to evaluate the consequences of surgical wound infections in the patients and to calculate the additional cost of services needed to treat surgical wound infections.
METHODS
This multicenter prospective observational study took place in four secondary referral hospitals in Finland. The study was approved by the ethical committees in all the participating hospitals. Every patient provided a written informed consent.
The material collection took place between June 2007 and January 2008. The collection periods varied between three and five months in each hospital. All patients who underwent elective or urgent but non-emergency infrarenal aortic or lower limb arterial surgery were enrolled into this study. Urgent surgery was defined as surgery having to be done within 24 hours of an admission. Intra-arterial digital subtraction angiography (DSA) by experienced angiographers was used for peripheral artery disease evaluation. The puncture site was selected by an angiographer.
The only exclusion criterion was the patient´s refusal to participate. No one refused to participate and thus the cohort consisted of 184 consecutive patients.
Demographic data and operative factors were collected prospectively. Body hair shaving around the intended surgical wound site was done in operating theatre just before surgery. Antibiotic prophylaxis was standardized with three grammas of cefuroxime being administered intravenously within one hour before incision. If the operation took more than four hours or blood loss was over 1500 ml, another dose of 1.5 g of cefuroxime was administered. The saphenous vein was harvested under direct vision, the in situ saphenous vein bypass or minimally invasive vein harvesting techniques were not being used. In the case of critical ischaemia with tissue loss, a sample for bacterial culture was taken from the gangrenous area or the ischemic ulcer. In addition, we took a sample for bacterial culture from the skin of the operation site after the patient had been scrubbed. The blood glucose level was measured twice daily, blood pressure, pulse and finger tip oxygen saturation three times a day and the number of blood white cells, values of C-reactive protein and haemoglobin once a day for the first three postoperative days. The development of postoperative complications was recorded. Surgical wounds were examined at the one month follow-up visit by a vascular surgeon. The patients who suffered a surgical wound complication were followed up until the wound had healed.
Surgical wound complications were defined as follows: Seroma: A pocket of clear serous fluid in the operated area. Haematoma: A collection of blood outside the blood vessels in the operated area. Wound necrosis: Skin necrosis that does not reach the subcutaneous space. Wound dehiscence: Spontaneous parting of the sutured layers of the surgical wound for more than 5mm from each other.
A surgical wound complication was considered to be an infection if there were bacteria isolated from the wound or if there were areas of localized redness, heat, swelling and pain around the wound occurring within 30-days after the operative procedure. These characteristics meet the criteria defined by the Centers for Disease Control (CDC) (14) . SWI was classified into three categories according to the criteria of the CDC. A superficial wound infection involved only skin and subcutaneous tissue, a deep wound infection involved both fascial and muscle layers and finally a graft infection was defined as the involvement of artery or graft (vein or prosthetic) (14) .
General complications were determined as follows. Cardiac complication: new Q-wave in ECG or ischaemic ST changes in ECG combined with a troponin value over 0.5 µg/ l or clinical diagnosis of cardiac insufficiency and correlative changes in chest X-ray. Renal complication: anuria or serum creatinine value elevation more than 50 µmol/ l/ day. Pneumonia: clinical diagnosis and correlative changes in chest X-ray. Pulmonary embolism: diagnosis based on ventilation-perfusion scintigraphy or computer tomography. Urinary tract infection: symptoms including dysuria, fever or burning pain during urination and positive urine culture. Major amputation: below or above knee amputation. Sepsis: whole-body inflammatory state with bacteremia
The term "infrainguinal surgery" was used when there was an operative incision made below the groin. The term "distal bypass" was used when the distal anastomosis was placed in the crural or pedal arteries.
The additional days of hospitalization, surgical procedures, visits to the outpatient clinic and rehabilitation related to wound infection were recorded. The cost of these actions was estimated from each hospital´s cost accounting system. These values were as follows: additional days of hospitalization 397 €/day, operating department fees for re-exploration and revision 10 €/minute, visits to outpatient clinic 127 €/visit, outpatient nursing 46 €/visit and rehabilitation 152 €/day. By summarizing the real expenses of these actions, we calculated the actual costs of each individual surgical wound infection. The cost of antibiotic treatment was not included into the calculation.
STATISTICAL METHODS
Descriptive and demographic data of the study population are presented using frequencies and percentages for categorical variables. Means and standard deviations are reported for continuous variables.
Univariate analyses for comparing various characteristics of infected and non-infected patients were performed using Fisher's exact test and independent samples t-test. The selection of variables for entrance into the multivariate model for predicting the incidence of wound infection was based on the univariate analyses. First, those variables showing a p-value less than 0.20 in the univariate analyses were entered into the multivariate logistic regression model. Second, the backward directed stepwise analysis was performed in order to determine the final model which included the independent predictors for wound infection.
P-values less than 0.05 were considered statistically significant. Analyses were done using SPSS for Windows (SPSS, Chicago, Illinois, USA).
RESULTS
Sixty-three percent of the patients were men and the mean age was 71 years. The indication for surgery was critical lower limb ischemia in 46% of the cases. Only 19 (10%) patients required urgent surgery. Forty-four percent of the procedures performed involved either femoropopliteal or femorodistal bypass surgery. Sixty-four (35%) patients received either vascular prosthesis or a prosthetic patch. All of the REDO surgery patients underwent lower limb surgery. Demographic and operative data of patients are presented in Table 1 .
One hundred and sixty-four (89%) patients received the standardized antibiotic prophylaxis. The other 20 patients were receiving an antibiotic for the following reasons: Ten patients were receiving antibiotic treatment for infected ischemic ulcer, six patients received 2g Ampicillin and 120 µg of Tobramycin for an endocarditis prevention, with three patients antibiotic prophylaxis continued for 24 hours, one patient was receiving the antibiotic for respiratory infection and one for suspicion of a prosthesis infection.
The incidence of surgical wound complications was 34%, and the incidence of surgical wound infections was 27%. Of those 20 patients who did not receive the standardized antibiotic prophylaxis but instead were treated with an antibiotic for some other reason four (20%) developed SWI. The outcome of this group was not statistically different from the others. The wound infection was superficial in 37 cases (76%) out of 49 surgical wound infections. There were three graft exposures in our material, one prosthetic graft and two vein grafts. The infected femoropopliteal prosthetic graft was removed and replaced with saphenous vein graft. At the two years follow-up there were no signs of infection and the vein graft remained patent.
Positive cultures of infected wounds were obtained in 35 (71%) of 49 patients. The most commonly identified species were Staphylococcus aureus (40%), coagulase-negative staphylococcal species (26%) and Escherichia coli (9%). Nine of 51 patients with ischemic wound developed SWI. The cultures from the ischaemic wound matched the cultures from the postoperative infected wound in four of these nine patients. In addition, there was a positive bacterial culture from the skin of the operative field in 18 patients. Four of them developed SWI. With two of these individuals the causative bacteria of SWI was the same that was found in the culture taken from the operative field prior to the incision.
Of the 49 patients who developed wound infection, 47 patients were healed with treatment with only two patients needing major amputation. In those two cases, the surgical wound infection was the cause for one of the amputations and critical ischemia for the other.
In the whole study population, graft occlusion was detected in eight (4 %) patients at the end of study. There were five (3%) major amputations in the whole study group. Eleven (6%) patients died within one month after surgery though no deaths were attributed to wound infection. The surgical wound complications and other complications are presented in Table 2. The result of univariate analysis is presented in Table 3 . Multivariate analysis identified four independent predictors for surgical wound infection. The factors which increased the risk of surgical wound infection were as follows: infrainguinal surgery, body mass index over 25 kg/m 2 and site of arteriography on the operated area. Redo surgery was the only independent predictor which reduced the risk of postoperative wound infection. The result of the multivariate analysis is presented in Table 4 .
The average cost of surgical wound infection was 3320 €. This sum does not include the costs of antibiotics or other extra medical treatments or sick leave.
DISCUSSION
In our study, the incidence of SWI after abdominal aortic or lower limb vascular surgery was 27% which was higher than in previous reports. The incidence of SWI has ranged between 4% and 25% according to prospective studies (4-6). One possible explanation for the high incidence of SWI in our study is the determination of SWI. Some studies (12, 13) have defined a wound complication an infection only if there is a positive culture from the wound. We classified a wound complication as an infection if there were signs of infection even though the culture was negative. In fact, 29% of infected surgical wounds in our study had a negative culture.
Infrainguinal surgery was an independent predictor of SWI in our study. This is in accordance with other studies (3, 5). The explanation for this might be reduced peripheral tissue perfusion and decreased tissue oxygenation.
Obesity was also the risk factor for SWI in our study. The predictive value of obesity has been demonstrated also in other studies (10, 11) . Kabon et al have shown that surgical wound hypoxia and tissue hypoxia are both common in obese patients (15) , and the presence of hypoxia could predispose the patient to SWI. Another reason for the high incidence of SWI in obese patients could be their richer bacterial skin flora.
The angiography puncture site within the operation area was the third independent predictor of SWI in our study. Landreneau et al described an elevated incidence of postoperative wound complications in the groin area related to transfemoral arteriography (16) but this has not been confirmed in later studies (12, 13) .
Unexpectedly redo surgery was protective against SWI. One explanation for this surprising finding is that the upper arm vein or the opposite side lower extremity vein is used more often as a graft in the reoperation than in the primary operation. In this study, the ipsilateral saphenous vein was used as a graft in 34% of cases in redo surgery and in 92% of cases in the primary operation. In other words, there were no extensive surgical wounds in the ischemic lower extremity if the vein graft had been taken from contralateral lower limb or upper arm.
One study revealed that the presence of an open extremity lesion is a significant risk factor for developing of SWI (13) . In our study, neither the presence of ischemic ulcer nor skin bacterial colonization was found to be a risk factor to SWI. But it is possible that this represents a type 2 statistical error.
Thirty-day mortality rate was 6%. The high mortality rate reflects the fact that most patients undergoing vascular surgery today are suffering from many co-morbidities and thus have many risk factors for major surgery. Post-operative hyperglycaemia was reported to be a risk factor for post-operative infections in patients who underwent coronary artery bypass grafting (17) . In our study, no association was found between postoperative hyperglycaemia and SWI.
In agreement with earlier studies, the leading pathogen was Staphylococcus aureus, found in 14 (29%) of infected wounds (3, 10, 12, 13) . Methicillin-resistant Staphylococcus aureus (MRSA) was not isolated from any of the infected surgical wounds in our study. Other reports have shown MRSA to be leading causative agent for SWI (3, 10) . At present, MRSA is not a major causative agent in any of the SWI encountered in eastern Finland where this study took place.
Overall, 96% of the surgical wound infections were healed. There was one major amputation but no deaths attributable to SWI. Pound et al found that 17% of SWI resulted to major amputation, and 7% of patients with SWI died as a consequence (3).
SWI increases the cost of vascular surgery by 3320€ per infected patient. This amount does not include costs of the antibiotic treatment and therefore the final monetary value would be even greater. The postoperative use of antibiotics was very heterogeneous and thus difficult to estimate. One other study published around ten years ago calculated that the average cost for one surgical wound complication after vascular surgery procedure was 405 € (4).
According to Cochrane Collaboration, it is evident that antibiotic prophylaxis can reduce the risk of SWI after arterial reconstruction (18) . There is no evidence that continuing the antibiotic prophylaxis for longer than 24 h confers any benefit (18) . In this study, a single dose of 3g of cefuroxime was administered before incision. If the operation took more than four hours or blood loss was over 1500 ml, another dose of 1.5 g of cefuroxime was provided. When considering peripheral vascular surgery procedures, there is no scientific evidence that a 24-hour regimen of antibiotic prophylaxis would be any more effective than the type of prophylaxis we used. There is also little guidance concerning the appropriate dose of antibiotic prophylaxis for obese patients (19) .
There are some strategies to prevent SWI -meticulous surgical technique, basic skin cleanliness and operating theater antisepsis procedures. Reduced operating time, placing the graft in the subfascial rather than subcutaneous position and applying silvercoated wound dressing may also confer some advantages (6, 7, 9). Using MRI angiography and other noninvasive imaging techniques for an evaluation of peripheral artery disease might decrease the incidence of SWI. Landreneau et al (16) stated that the incidence of wound complication was lower if a surgery was carried out within 24 hours after an arteriography or if there was a delay of 7 days or more. Patients with critical ischemia are not able to wait for a surgery over a week. Therefore a hybrid treatment involving an open surgery and an endovascular procedure for the patients with critical ischemia would decrease the risk of SWI. There are some limitations to our study, for example the follow-up time was only one month or until SWI had healed. It is known that a deep prosthetic graft infection can manifest many years after the operation. Secondly we did not analyse whether the graft was placed in the subcutaneous or subfascial location. It has been found that that the presence of a vascular conduit in the subcutaneous plane is associated with a higher risk for SWI as compared to the situation with deeply placed grafts (7). Due to relatively limited number of patients in our material, it is possible that there were some type 2 statistical errors with respect to some of the potential predictors of SWI. In addition, the number of aortic surgery patients was small, thus we cannot draw any firm conclusion about the risk of SWI in aortic surgery patients.
We conclude that surgical wound infection after vascular surgery is a frequent complication associated with increased mobidity and significant additional costs. The independent risk factors for SWI after an abdominal aortic and a lower limb vascular surgery seem to be infrainguinal surgery, obesity and an angiography injection site within the operating area. In this study redo surgery seemed to be protective against SWI. Further research will be required to identify if there are interventions that can reduce the risk of SWI.
